The goal of this study was to determine if Head Start participation is associated with healthy changes in BMI.
RESULTS:
The total sample included 43 748 children providing 83 239 anthropometric measures. The Head Start sample was 64.9% white, 10.8% black, and 14.4% Hispanic; 16.8% of the children were obese and 16.6% were overweight at the initial observation. .001]); patterns were similar for overweight children. Head Start participants were less obese, less overweight, and less underweight at follow-up than children in the comparison groups.
CONCLUSIONS: Preschool-aged children with an unhealthy weight status who participated in Head Start had a significantly healthier BMI by kindergarten entry age than comparison children in a primary care health system (both those receiving and those not receiving Medicaid).
WHAT'S KNOWN ON THIS SUBJECT:
Head Start, a federally funded preschool program for lowincome US children, has been reported to have beneficial effects on developmental outcomes. The association of Head Start participation with changes in children' s BMI has not been examined.
WHAT THIS STUDY ADDS:
Preschool-aged children with an unhealthy weight status who participated in Head Start had a significantly healthier BMI by kindergarten entry age than comparison children in a primary care health system (both those receiving and those not receiving Medicaid). National data indicate that 22.8% of preschool-aged children are overweight or obese, 1 with higher rates among lower socioeconomic groups. 2 One in 4 US children aged ,6 years lives in poverty (defined as ,100% of the federal poverty line). 3 Childhood overweight tracks into adulthood, 4 and preventive interventions are needed.
Head Start is a federally funded preschool program that is free to 3-to 5-year-old US children living in poverty. The prevalence of obesity within Head Start programs is higher than national estimates. [5] [6] [7] [8] Head Start program regulations mandate nutritional and health services, adequate time and space for active play, and parental involvement. 9 Given its expansive reach (42% of preschoolers in poverty 10 ), Head Start could be an important setting for obesity intervention and prevention.
Although federal Head Start regulations mandate that programs monitor children's height and weight, 9 there is no centralized national data bank of these measures. One previous study has shown healthy changes in BMI during the academic year at Head Start, but the study sample was limited to a single Head Start program, and there was no comparison group. 11 The present study analyzed changes in children's BMI within 12 Head Start agencies in Michigan compared with BMI change in 2 age-matched samples drawn from a primary care health care system.
METHODS

Participants
We invited all 51 Head Start programs in Michigan to participate, and 12 (23.5%) agreed. The participating agencies serve rural and urban communities. Head Start agencies have latitude in determining which risk factors give a child priority for enrollment, but the key federally defined eligibility criterion is a family income ,100% of the federal poverty line. 12 [1] [2] [3] [4] [5] [6] [7] [8] [9] . As a data quality assessment, we checked the assumption of constant variance in WAz, HAz, and BMIz overall and according to measurement site (ie, Head Start, health system); all SD units were between 0.97 and 1.19, which are within acceptable limits. 14, 15 In summary, the Head Start programs provided BMI data for 20 416 children, of whom 6.82% were excluded, resulting in a final sample size of 19 023 children in Head Start. The health system provided BMI data for 24 969 children, of whom 0.98% were excluded, resulting in a final sample size of 24 725 children. The sample of children included in the analysis versus the sample excluded due to implausible values was more likely to be female (P , .05) and white (P , .0001) but did not differ with regard to age.
Statistical Analysis
Piecewise linear mixed models were used to compare changes in BMIz during the time frame when the child was participating in Head Start (September 1-May 15) versus the time frame when the child was not participating in Head Start (May 16-August 31). Thus, we allowed for 3 potential different slopes corresponding to each of the 3 treatment periods: (1) the first academic year (September 1-May 15); (2) the summer break (not enrolled in Head Start; May 16-August 31); and (3) the second Head Start academic year (September 1-May 15). Repeated measures analysis was performed by using mixed models with random intercepts and slopes to account for clustering of children nested in the same centers. In addition, a repeated statement was used specifying a Gaussian serial correlation structure between repeated BMIz measures for the same child over the study period. The Bayesian information criterion was used to obtain the optimal correlation structure for the random effects. The study included a priori covariates known to have an association with weight status, including child gender (male versus female), child age at enrollment, and child race/ethnicity (non-Hispanic white versus not). Similar models were fitted for each of the 2 comparison groups (Medicaid and Not Medicaid). In addition, we tested for group differences between slopes in each observation period, differences between intercepts measured at the beginning and end of the observation period, and change in BMIz from the beginning to the end of the observation period. All analyses were stratified according to initial weight status categorized as obese, overweight, healthy weight, and underweight.
RESULTS
Characteristics of the sample are shown in Table 1 . The total sample included 43 748 children providing 83 239 anthropometric measures. The Head Start sample was 64.9% white, 10.8% black, and 14.4% Hispanic; 16.8% of the children were obese and 16.6% were overweight at the initial observation. The primary care health system Medicaid sample was 50.8% white, 33.0% black, and 4.8% Hispanic; 12.3% of the children were obese and 14.9% were overweight at the initial observation. The primary care health system Not Medicaid sample was 71.3% white, 8.2% black, and 2.2% Hispanic; 6.8% of the children were obese and 11.9% were overweight at the initial observation.
Results of the regression analyses are shown in Table 2 Children who entered Head Start overweight showed a significant decline in BMIz over the first All analyses adjusted for age at start of observation period, child gender, and child race/ethnicity. Superscripts a, b, and c that differ from one another denote significant differences between Head Start, Medicaid, and Not Medicaid within each weight status group within the given observation period. Superscripts e, f, and g that differ from one another denote significant differences across observation periods within the given group (Head Start, Medicaid, and Not Medicaid) within the given weight status group. *** P , .001, ** P , .01, * P , .05.
FIGURE 1
Change To examine the potential effects of differential attrition across groups, we repeated the analyses, restricting the sample to only those participants with at least 2 BMI measures .100 days apart. The proportions of children meeting these criteria were 67.1%, 41.7%, and 40.1% in the Head Start, Medicaid, and Not Medicaid groups, respectively. The results for the children who were initially obese, overweight, or a healthy weight were essentially unchanged in the analysis of the restricted sample. However, the models for initially underweight children in the Head Start group did not converge.
DISCUSSION
Children who entered Head Start obese or overweight experienced a greater decline in BMIz over an academic year compared with each of the 2 comparison groups. In addition, children who entered Head Start underweight experienced a greater increase in BMIz compared with each of the 2 comparison groups. Children entering Head Start obese, overweight, or underweight all showed either maintenance of or ongoing improvement in the BMIz changes made during the first academic year of enrollment. During the second academic year of enrollment, changes were maintained, but there were no additional significant changes in BMIz in the Head Start group. Even though children in the Head Start group began the observation period more obese, equally overweight, and more underweight than children in the comparison groups, at the end of the observation period the initially obese and overweight Head Start children were substantially less obese and overweight than the children in the comparison groups. In addition, the initially underweight children were substantially less underweight than children in the Not Medicaid group. To our knowledge, this study is the first to document associations of Head Start participation with changes in children's BMIz in a sample including more than a single Head Start program, while also including multiple comparison groups.
Head Start may exert beneficial effects on BMI through several mechanisms. The federally regulated quality of meals and snacks provided at
FIGURE 2
Change in BMIz from the beginning to the end of the observation period according to initial weight status and group. The letters above each bar that differ indicate statistically significant differences between groups within the given weight status. 22 Head Start regulations emphasize exercise and the development of gross motor skills, 9 and children's preschool environments strongly predict physical activity levels more than demographic characteristics. 23 Head Start regulations also prohibit television viewing, 9 a risk factor for preschool overweight, 24 and require that programs facilitate children's access to a continuous source of pediatric health care, which may contribute to a reduction in obesity risk. Head Start participation is associated with improvement in children's ability to cope with stress and reductions in behavior problems, 25 and psychosocial stress and poor behavioral selfregulation are each associated with obesity risk. 26, 27 Finally, by providing free child care, Head Start may allow families to allocate their limited financial resources to purchasing healthier food.
There are several limitations to our study. 
CONCLUSIONS
Head Start participation was associated with robust, early, and sustained beneficial effects on children's BMI such that by the age of entry to kindergarten, children participating in Head Start had significantly healthier BMIs than children enrolled in Medicaid in general and children not enrolled in Medicaid. Head Start is associated with improved social and educational outcomes for low-income children. 28 Healthy changes in BMI may be an additional benefit of Head Start participation.
